Antibody to cilia-associated respiratory (CAR) bacillus was detected by the indirect immunonuorescence assay (IF A) technique using tracheal sections of infected mice as antigen in serum samples collected from rats infected naturally and experimentally. Nine of 23 cases of natural infection were positive in IF A antibody, with tit res ranging from 1:10 to 1:80, and all these antibody-positive cases were also histologically positive. The remaining 14 cases were negative in both IF A antibody and histological diagnosis, even though some of them were infected with Sendai virus and Mycoplasma pulmonis. In the experimental infection, serum samples collected from 18 rats on days 4,7, 14, 21, 28 and S6 post-inoculation (PI) (three rats for each point) and examined for IFA antibody revealed that seroconversion occurred in one rat on day 14 PI and in three rats on day 21 PI. Antibody titres of 1:80 to 1:160 remained to the termination of the experiment. The IF A technique was useful for the diagnosis of CAR bacillus infection except in the early stage of the infection.
Summary
Antibody to cilia-associated respiratory (CAR) bacillus was detected by the indirect immunonuorescence assay (IF A) technique using tracheal sections of infected mice as antigen in serum samples collected from rats infected naturally and experimentally. Nine of 23 cases of natural infection were positive in IF A antibody, with tit res ranging from 1:10 to 1:80, and all these antibody-positive cases were also histologically positive. The remaining 14 cases were negative in both IF A antibody and histological diagnosis, even though some of them were infected with Sendai virus and Mycoplasma pulmonis. In the experimental infection, serum samples collected from 18 rats on days 4,7, 14, 21, 28 and S6 post-inoculation (PI) (three rats for each point) and examined for IFA antibody revealed that seroconversion occurred in one rat on day 14 PI and in three rats on day 21 PI. Antibody titres of 1:80 to 1:160 remained to the termination of the experiment. The IF A technique was useful for the diagnosis of CAR bacillus infection except in the early stage of the infection.
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In 1985 it was suggested that the ciliaassociated respiratory (CAR) bacillus was one of the causative agents of murine chronic respiratory disease (CRD) (Ganaway et al., 1985) . Until that time, CAR bacillus had been missed as an aetiological agent of murine CRD owing to its inability to grow in cell-free media. The infection was therefore diagnosed by his- Received 8 August 1986 . Accepted 30 June 1987 to logical or electron microscope examination of the affected respiratory tracts (Van Zwieten et al., 1980; MacKenzie, Magill & Hulse, 1981; Ganaway et al., 1985; Matsushita, 1986 ). However, a serological test for IgG antibody to CAR bacillus antigens by the enzyme-linked . immunosorbent assay (ELISA) technique has been successfully used in diagnosis (Ganaway et al., 1985) . CAR bacillus showed immunofluorescence with the serum obtained from affected animals (ltoh et al., 1984; Muto et al., 1985) . In this paper detection of the antibody to CAR bacillus by the IFA technique is described and the significance of the serological diagnosis of the infection is discussed.
Materials and methods Antigen
A piece of affected lung from a naturally infected Wistar/Ms rat (reported previously (Matsushita, 1986 stored as antigen preparations at 4 0c. Noninfected control preparations of tracheas were also made from BALB/c mice inoculated with the lung homogenate of SPF Wistar/Ms rats using the same procedure. All mice were free from known respiratory pathogens including Mycoplasma pulmonis.
Serum samples examined
CAR bacillus infection, which was diagnosed pathologically, occurred three times in rats in our Institute, during ]984 and 1985. 13 serum samples were collected in these three outbreaks as shown in Table 1 . Three rats obtained in the second outbreak were also suffering from M. pulmonis infection, which was 357 diagnosed by cultivation of the respiratory tract and detection of antibody by the ELISA test. Other respiratory pathogens werc not detected in any of the rats examined. Stocked sera obtained from rats naturally infected with Sendai virus and M. pulmol/is and from noninfected control rats aged 3 months wcre also tested for IF A antibody. These sera had been diluted in veronal-buffered saline at 1:5, inactivated at 60°C for 20 min and treated with freeze-thawing for the other serological tcsts. Serum samples were also obtained from rats experimentally infected with CAR bacillus by the following procedures. 18 SPF male Wistar/ Ms rats aged 5 weeks were inoculated intranasally with the affected lung homogenate from the mice which had been used for antigen preparations as described above. Three rats were sacrificed on each of days 4,7, 14,21,28 and 56 post-inoculation (PI) and sera were obtained for the IFA test. Gross lung lesions were positively recorded when the lungs had apparent atelectatic foci coloured yellowish to reddish brown. All rats were confirmed to be free from known respiratory pathogens throughout the experimental period by routine bacteriological and serological tests.
Indirect immunofluorescence assay
Deparaffinized antigen preparations were washed twice with PBS for 3 min each. Test sera diluted with PBS were mounted on the body and the histological diagnosis of the infection.
Antibody tit res in experimentally infected rats are shown in Fig. 4 as a function of the time after inoculation. Serum IFA antibody to CAR bacillus became detectable on day 14 PI in one rat, although atelectatic foci were not apparent in the lungs. Seroconversions to CAR bacillus occurred in all three rats on day 21 PI and the titres increased until day 28 PI, remaining stable thereafter. The maximum titre was 1: 160. Antibody titres in rats with gross lung lesions were not always higher than those of rats without lesions. Fig. 4 . Anti-CAR bacillus antibody titres in sera from Wistar/Ms rats intra nasally inoculated with the affected lung homogenate of an experimentally infected mouse: 0. rat without atelectatic foci in the lungs; -, rat with atelectatic foci in the lungs. Fig. 2 . Positive immunonuorescence reaction with CAR bacillus on the tracheal ciliated mucosa. Test serum was collected from a rat on day 21 PI and diluted I: 10 (300x.j
Results
Typical immunofluorescence was observed with CAR bacillus on the ciliary borders of the trachea of the antigen preparations (Fig. 2) when antibody-positive sera were applied, whereas immunofluorescence was not observed in the tracheal ciliated mucosa of non-infected control mice when the same sera were used.
Serum IFA titres to CAR bacillus in naturally infected rats are shown in Table 1 . The titres ranged from 1:10 to 1:80 even though sera were heat inactivated and frozen and thawed. Serum samples collected from rats infected with Sendai virus and M. pulmonis and from normal control rats were all seronegative to CAR bacilIus (Fig. 3) . A close correlation is observed between the detection of IFA anti-
Discussion
The IFA technique seems to be useful for serodiagnosis of CAR bacillus infection in rats as there is a close correlation between the histological diagnosis and the detection of IF A antibody in naturally infected rats (Table 1) . The specificity of IFA antibody to CAR bacillus was also confirmed by the fact that specific fluorescence was not apparent in antigen preparations of CAR bacillus tested with rat sera of M. pulmonis and Sendai virus infections or with non-infected normal rat sera. In the experimental infection it was found that the IF A antibody became positive in one of the inoculated rats on day 14 PI and in all rats examined on day 21 PI and thereafter, regardless of the formation of atelectatic foci in the lungs. Ganaway et al. (1985) reported that IgG antibody to CAR bacillus in Sprague Dawley rats was positive at 4 weeks PI but negative at 2 weeks by the ELISA technique when the rats were inoculated intranasally with tenthpassage CAR bacillus in chicken embryo allantoic fluid. These findings are similar to ours, indicating that seroconversion occurred at around 3 weeks PI.
In the present study CAR bacillus used as an antigen was isolated from a rat during the first natural outbreak of the infection in our facility and was transmitted to mice. This antigen (designated SMR strain) was useful for detection of the antibody in rats which were obtained from other outbreaks of the infection. Ganaway et al. (1985) also successfully transmitted CAR bacillus of rat origin to mice. MacKenzie et al. (1981) found CAR bacillus present in mice, rats and rabbits by histological examination. Comparative studies are necessary on the antigenicities of different CAR bacillus strains from these species of animals. According to the results of the present study, it can be concluded that the IFA technique is a useful method for the diagnosis of CAR bacillus infection in rats, although histological examination is necessary in the first 2 weeks of the infection.
